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ABSTRACT

The conversion of orthowparatritium in the homogeneous gas
and solid phases are reported, The extent of conversion was measured
by a heat conductivity cell cooled with 1iquid neon, The gas phase
conversion was observed at the temperature of 1{quid neon where the
equilibrium concentration is one part ortho to one part paratritium.
The role of an ton mechanism in this conversion is discussed, For
the solid phase conversfon the rate is two orders of magnitude faster
than the rate for hydrogen, Consideration of the kinetic data for
hydrogen, deuterium and tritium in the solid phase and adsorbed phase
{ndicates that a more favorable energy transfer process may be opera=
tive for tritium and deuterium,

Introduction

In normal hydrogen, due to the existence of the ortho and
para modifications, in addition to the different physical properties,

some basfc reactions could be investigated; H + H’(para) * H+ H=(ortho)

*The research reported in this paper has been sponsored by the
National Aeronautics and Space Administration, Washington, D.C.

Presented in Part at the 1hlth National Meeting of ACS, Los Angeles,
March 1963,



(1,2,3) or parahydrogen forming normal hydrogen {nduced by ionizing

(1) K. F, Bonhoeffer and P. Harteck, Z. f. physikal, Chemfe, B,4, 113
(1929).

(2) A, Farkas, Z. f. Elecktrochemie, 36, 782 (1930)3 Z, f. physikel,
Chemie, B, 10, 419 (1930)

(3) K. Ha Géib and P, Harteck, {bid,, Bodensteinband, 849 (1931).

radiation.(h’s) After the discovery of deuterium(6), in addition to the

(4) Po Co Capron, Anne soc, sci. Bruxelles, 55, 222 (1935).

(5) He Eyring, J. O, Hirschfelder and H. S. Taylor, Jo Chem, Phys., 4,
479, 570 (1936).

(6) He Co Urey, Fe Go Brickwedde and Ge. M. Murphy, Phys. Rev,, 22, '6‘#,
86l (1932).

or tho~par adeuter fum system, the chemical exchange befween hydrogen and
deuterfum could be studfed. At first glance one might be therefore
lead to believe that very little new or basic knowledge could be acquired
by fnvestigating the ortho-paratri;ium system, But on the contrary more
refined kinetic understanding may be achieved by the investigation of
the ortho-parafritium system and mixtures of tritium with hydrogen and
deuterfum than could be achieved with hydrogen and deuterium alone.

In an earlfer paper(7) the conversion of normal tritium into

(7) E. W, Albers, P. Harteck, and R.R. Reeves, Zeitschrift Fur Nature~
forschung, 18a, 197 (1963),

paratritium was reported using a coconut charcoal as a catalyst, The
conversfon of the normal tritium (three parts ortho and one part para-
tritium) was made at liquid neon temperature (27.29K), obtaining the

equilibrium concentration of 50% paratritium, By cooling the charcoal
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with 1iquid helfum practically 100% paratritium could be obtained. The
concentration of paratritium was measured by the heat conductivity

method of Bonhoeffer and Harteck("e). The measured forward and reverse

(8) K. Bonhoeffer and P. Harteck, Ssitzber. Preuss. Akad. Wiss. 103,
(1929) 3 Naturwiss, 17, 182.(1929)

processes at the boiling point of 1iquid neon and the boiling point of
11quid nftrogen gave half 1ifetimes on coconut charcoal of 0,92 and 1.0
minutes respectively., This was an order of magnitude faster than
expected when compared with the rate of conversion of normal hydrogen
on the same charcoal under identical conditions as will be discussed
later,

conversion was also obtajned without a catalyst by freezing
the tritium with 1iquid helium, This solid phase conversion occurred
with a seventeen minute half lifetime which was two orders of magnitude
faster than expected,

Since tritium is radiocactive, emitting beta particles with a

half 1ife of 12,5 years(g) and an average energy of 5.69 kev. the

(9) L. Alvarez and R. Cornog, Phys. Rev., 56,613 (1939)358,197 (1940).

possibility of fon reactfons must be considered for the transformation
of ortho and paratritium¢ It appears as will be discussed later, that
the fons do not play an important part in the ortho=para conversion on
charcoal, but causes conversion in the gas phase, The effect of the
fons on the solid conversion needs to be investigated further,
Exper imantal

In the conversion experiments of normal hydrogen to para-

hydrogen, measurements could be made each time with a fresh charge of



b

hydrogen which was then discarded. Because of the radioactive nature
of tritium, however, it was not possible to follow exactly this same
technique, Instead a sealed Pyrex apparatus was fabricated as a single
unit within which one could convert the tritfum to paratritium and back
agafn to normal tritium, measuring the degree of conversion by the heat
conductivity method in the closed system as used by Bonhoeffer and
Harteck(e). Prior to filling the apparatus with tritium, it was baked
out at 1709C under vacuum for sixteen hourse Tritium was then admitted
until the final pressure reached 1 mm, which corresponded to 300 mill{~
curies. A schematic drawing is shown in Figure 1. The small bulbs D
and J contained the catalyst (about one-tenth gram) for the conversion
experiments. Bulb D contained a coconut charcoal, and bulb J a charcoal
with a coating of galdolinium chlorfde to increase the number of para-~
magnetic centers substantially over that of ordinary charcoal. These
tiny bulbs were connected with the apparatus by one millimeter capillary
tubing (C) to minimize back diffusion, Unhindered back diffusion of
tritium to the catalyst in the bulbs D and J at room temperature might
result in reconversion of paratritium to normal tritium interfering
with concentration measurements,

The overall size of the apparatus was approximately 280 mm x
250 mm x 20 mm. The ortho-paratritium concentration was measured by
the heat conductivity cell, G, which was cooled with liquid neon, F,
and jacketed with 1iquid nitrogen, E. The cell was made of 19 mm 0.D.
medium-wall Pyrex, The lead=in wires, H, were 22 gauge tungsten. A
platinum filament approximately 100 mm in Jength and 10 microns in
diameter, was soldered to the tungsten, This proved to be a suitable

arrangement for studying the kinetics for the conversion on charcoal.
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At the low pressures used the heat conductivity cell operated also to

a certain extent as a Pirani gauge, which means that it will be sensi-
‘tive to pressure changes as will occur when the level of the 1iquid neon
decreases or if the room temperature changes. This becomes fmportant

if transformation phenomena afe investigated which occur over a longer
period of time since slight changes of the 1iquid neon level or changes
{n room temperature will correspondingly vary the pressure, effecting
the reading of the gsuge and therefore care must be taken to avoid

undue errors.

At the start of a given serfes of measurements, the tritium
was always first equilibrated to the normal tritium of 3 éarts ortho=
tritfum to one paratritium by adsorbing 1t on the coconut charcoal at
1{quid nitrogen temperature.* After a few preliminary measurements it
was apparent that ten minutes on chercoal was sufficient for equilibra-
tion, The tritium was then desorbed from the charcoal by heating the
sample with bofling water, This procedure was followed by measurement
of the resistance with the Wheatstone bridge to obtain the reference
point of normal tritium on the thermal conductivity cell, For the
determination of the conversion rate into paratritium the charcoal
was first precooled with 1iquid nitrogen for two minutes, The nitrogen
was then quickly replaced with 1iquid neon, It was anticipated that
the neon temperature was reached in a few seconds and therefore at this
point the conversfon started. At the end of the predetermined time,
the neon was removed and the tritfum rapidly desorbed from the charcoal
bulb with boiling water. The thermal conductivity of the tritium wes

then measured to determine the extent of conversion, The tritium weas

*rheoretically 2,95 to 1 at 77.49K



6,

then re=equilibrited to normal tritium by adsorption for 10 minutes on
charcoal at the temperature of 1iquid nitrogen as described before and
the process repeated for different times to obtain the results in Figure
2, Equitibrium conversion at neon temperature was assumed to correspond
to the resistance change observed for long cooling times (ten times or
more adsorption time). It should be noted that tritium is almost at

the normal equilibrium of 75% ortho to 25% para at 1iquid nitrogen tem=
perature (77.49K) and 52.5% ortho to 47.5% para at equilibrium for neon
temperatures (27,16%¢). See Table I,

In order to study the effect of fons in the gas phase a modf-
fied apparatus was constructed where an electric field could be applied
within the cell, In Figure 3 a schematic drawing is shown for this
arrangement, Bulb (A) contains approximately 0.5 grams of coconut chare
coal, As before a one-mfllimeter capillary section (B) was incorporated
to minimize back diffusfon, The septums (C), (D), (E) were used for
baking out, filling, and final disposal, Septum (G) shown in the seal=
ed condition was used for evacuating the space containing the 38 gauge
copper lead wires. The region noted by (F) simply indicates the physical
arrangement which proved to be practical for the five 22 gauge nickel
leads, Number 38 gauge copper leads were then soft soldered to their
respective nickel leads at the top and bottom of this section. The
filaments labelled (K) were two-micron diameter platinum Wollaston
wires. Only one wire was used during measurementsj the second was a
spare since we were working with a sealed system,

In order to produce an electric field within the heat con-
ductivity cell it was plated with two electrodes by-depositing platinum

metal on the inside wall in two strips 12.5 cm x 7 mm.
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Table 1

Equitibrium Ortho~Paratritium Concentrations

T,% % Ortho % Para
0 0,0 100,0
5 0.0 100,0

10 2,8 97.2

15 16,4 83,6

20 33.8 66,2

25 L7,k 52,6

30 5647 b3.3

Lo 66.8 33.2

50 71.3 28.7

75 74.5 25,5

100 749 25.1






The heat conductivity cell shown in Figure (1) was later
modified, replacing the 22 gauge tungsten with 38 gauge copper wires
and two micron Wollaston wire as mentioned above for the study of fon
removal {n an electric field, The new arrangement was identical to
that in Figure (1) except that the heat conductivity cell was an exact
duplicate of that in Figure (3) without the two additional electrodes.

(ptatinum strips) for maintaining an electric field.

Results and Discussion

Conversion on Coconut Charcoal

In Figure 2 the kinetic data for the forward and back convere-
sions on coconut charcoal are shownj the half lifetime for the forward
process at 27.16%K being 0,92 minutes and for the reverse at 77.4°K,
1.0 minutes, The forward process was measured by adsorbing the tritium
gas at the temperature of liquid nitrogen, where it becomes equilibrated
to its normal ratio of 3:). In transferring from Iiquid nitrogen to
1§quid neon, the neon temperature was reached in a few seconds, At
the end of the predetermined time of the conversion the bulb was heated
with hot water, the tritium gas desorbing in a few seconds, The tritium
does not desorb until the temperature is above 77.4%K and therefore
there {s a back conversfon occurring during these few seconds of heat-
ing. The degree of back conversion depends on the paratritium con=
centration, but the fact that the forward conversion data goes through
the origin for time, t = 0 and follows a straight 1ine on the semi=
log plot indicate that these transient times must have been negligible,
Considerable scatter was observed for runs where the conversion approach=
ed the equilibrium values and this could be explained as back conver=

sion occurring during heating, These points correspond to ordinate
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values of 0,1 to 0,01 on Figure 2 and were not included because of the
lack of reproducibiiity,

The adsorption on charcoal at liquid nitrogen temperatures
takes about one minute as was readily observed using the heat conducti-
vity cell as a Pirani gauge, From Figure 2, it can be seen that the
curve for the back conversion is displaced from the origin by about one
minute, By changing the experimental procedure this time could be min~
{mized, but such changes would involve other more serious problems,

when the apparatus was designed provision was made to include
a catalyst of gadolinium chloride coated charcoal which was an order
of magnitude faster due to {ts high paramagnetic susceptibility than the
normal charcoal in the event that the tritium converted very slowly. The
conversion rate on normal charcoal, however, was faster than anticipated
and convenient for experimentation. It was found that the gadolinfum
coated charcoal catalyst was too effective, because even during the fast
heating for desorption it was so rapidly re-equilibrated that practically

normal tritfium desorbed,

(10)

From the experimental results of L.Farkas and H.Sachsse

(10) L. Farkas and H, Sachsse Sitzber. Preuss. Akad., Wiss, 268 (1933)}
Z. f. physikal. Chemfe, B, 23, 1, 19 (1933). "

the surface paramagnetism of diamagnetic charcoal was clearly established

as the reason for the fast conversion, To achieve this catalysis the
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hydrogen molecules had to diffuse freely even at low temperatures
(20.4°K) on the inhomogeneous charcoal surface {n order to interact
with the paramagnetic centers of the charcoal,

The conversion of ortho-parahydrogen produced by oxygen gas

which is paramaghetic has, according to E, w1gner(“) the ortho=para

(11) E. P. Wigner, Z. f. physikal, Chemie, B, 19, 203 (1932)«

transition probability given bys

Wor = 8#?“? In? )
h’rng

where u, and g are the magnetic moments of the interacting species
(oxygen and hydrogen)s I, the moment of inertfa of the converting
specfesj h, Planckis constanty k, Boltzmann's constant; s the collis=
jon distance between the ith and jth particlesy and T, the absolute
temperature. A similar relation can be assumed as a first approximae
tfon for the heterogeneous conversion, The rate of conversion {s
proportioaal to the product of the transition probability and in the
J=* J + 1 transitions a factor considering the endothermicity. (For

details see A+ Farkas, reference(‘z) .« The total temperature effect

(12) A. Farkas, ''Orthohydrogen, Parahydrogen and Heavy Hydrogen'!,
Cambridge Univ. Press , London 1935 ,

adsorbed hydrogen is at present not well known. It appears, however,
from Figure (2) that the conversfon rate for tritium {s temperature

fndependent to a first approximation.
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Stnce the ratfo I, /IT fs one-third and the ratio of the
2 T2

magnetic moments of tritium and hydrogen is 1,07 (2.79,H,s 2.98,T2)(l3)

(13) H, L. Anderson and A. MNovick, Phys. Rev, 71, 372 (1947)3 F. Bloch,
A.C. Graves, M. Packard and R.W. Spence, 1bid., 71,373,55]
(1947)3 E. B, Nelson and J,E. Nafe, ibid,, 75, 1194 (1949),

the ratfo of rates of conversion for tritium should be 3.43 times
faster in tﬁe gas phase compared with normal hydrogen according to
equation (1), if converted with a paramagnetic gas such as 0; or NO,
The heterogeneous conversion of tritium on the same coconut charcoal
under the same experimental conditions had a half lifetime of one
minute which was 27 times faster than the conversion of normal hydrogen
or eight times faster than expected {f equation (1) for the gas phase
were applicable., Three possible reasons for this fast conversion rate
are immed{ately apparent:

(a) The term r? could be smaller for tritfum than for hydrogen
because the tritium has a zero point energy which is (1/3)'/2 smaller than
that of hydrogen, But it seems unlikely that the distance r  for tritium
would be smaller by (1/8)‘/3 (or a factor 0,7) than the distance rs:for
hydrogen, The factor 8 can not be explained by this effect, but it could
contribute to a minor extent,

(b) An increase’bf the rate of conversion by fon interaction
or by fon exchange mechanism initiated by the radioactivity of tritium
has to be considered, Since carbon is a semi~conductor, any highly
efficient chain mechanism is not 1ikely. The deuterium conversion on
charcoal where fons cannot be present also was relatively faster than
expected as will be shown below,

(c) The explanation for the relatively fast conversion of deu=

terfum and tritium may be due to the fact that a more favorable energy
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transfer may occur for the tritium. Additional information was obtained
by studying the conversion rate of deuterium on the same charcoal under
jdentical conditions, In Figure (4) the kinetic data for the conversion
of deuterium are reportéd; the graph represents the fractional decrease
in peradeuterium normalized between room temperature and 27,2°K as a
function of time. The measurement of the slope yields a half lifetime
of 19 minutes. If one consfders the half 1ifetime for hydrogen, deu=
terfum, and tritium with due allowance being made for difference in

the nuclear magnetic moment an interesting relationship becomes apparent.
In Teble II 1t may be seen that deuterjum and tritium convert four and
eight times faster respectively compared to hydrogen under identical
conditions. The marked departure of deuterium and trttium may very well
be due to a more favorable energy transfer, For the heterogeneous phase
here, as well as for the solid phase conversion of tritium reported in
the next section,a one phonon emission prﬁcess seems more likely. More=-
over, since the rate for deuterium conversion on charcoal was also
faster than anticipated and in this case obviously no fons are present,
the effect of ions in the case of tritium conversion on the charcoal
should be at the most only minor,

Conversion in Solid Phase

For normal hydrogen it was shown by Bonhoeffer and Harteck(e)
that the ortho~para transformation does not become effective due to a
solidification or melting process. Furthermore, Bonhoeffer and Harteck
showed that in the 1iquid phase the change of parahydrogen concentra-
tion was about 1%/hr, These studies on the tiquid and solid phases

clearly established the existence of freely rotating molecules. Sube

sequently, exact measurements for the transformation in the solid
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Table 11

Conversion of Hydrogen, Deuterium and
Tritium on Coconut Charcoal

ag?:r:ﬁietime Kope Y (“2M)ﬁ% kcalc, min™ kobs/kcal
min, ' (M) op T
27 0.026 1,00 (0,026) 1
19 0,036 0.199 0.0051 3.9™
1.0 0.69 3,42 0.088 8

*usfng Wigner's expression (equation 1) {t may be seen that the
calculate rate constants for deuterfum and tritium relative to
hydrogen are proportional to 1

2
(w M)D or T

which is the rectprocal of the

product of the square of the nuclear magnetic moment and the mess

deuterfum or tritium.

*The factor (3/4)2 must be fncluded to account for the unequal nuclear
spins of hydrogen and deuterium('h) (Hy and T, S = 1/2, Dy, § = 1)

(lli) Fe Kalckar and E. Te”el‘. Proc, Roy, S0Cq, ﬂ' 50’ 520 ('935)
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(15)

phase were made by Cremer and Polany « Recently, Motizuk{ and

(15) D. Cremer and M. ;olényi, i. f.‘ﬁhysikal Chemie, B, 21, 459
(1933).

Nagamiya(‘é) have treated the conversion in the solid theoretically.

(16) K, Motizuki and T. Nagamiya, J. Phys. Soc. Japan, 11, 93 (1956);
fbid,, 11, 654 (1956); ibid., 12, 163 (1957).

They find nearly exact agreement between their calculated half life=
times and the half lifetime of sixty~hours measured by Cremer and
Polanyl; this value is 210 times slower compared to the half 1ifetime
value of seventeen minutes for the solid phase conversion of pure tri=
tium reported in Figure (5). According to equation (1) the rate of
conversion varfes directly with mass of the converting speciesj there=-
fore the tritium would be expected to be only a factor three faster,
rather than the 210 times faster observed. The somewhat unexpected
behavior of tritium may however be explafned either by a more favorable
energy transfer or an fon mechanfsm, In Table III the Debye character-
{stic temperature for each isotope and the corresponding rotational
temperatures are given, Examination of these data seem to indicate
that for hydrogen the minimal energy transfer process must involve

the emission of two phonons whereas for tritium a one phonon emission
process seems 1ikely, Deuter{ium, however, may have either @ one phonon

or two phonon process.

Conversion at Neon Temperature in the Gas Phase

A slow conversion of normal tritium to the equilibrium con-

centration at 1§quid neon temperature could be observed as shown in
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Table III

Energy Transfer Parameters

Debye Temperature,@ * Rotational Temperature @ ok
D R
(J=s0=2J=1)
Hydrogen 91 172
Deuter fum 89 86
Tritium (72-87)F 57
*
0, = Hv
0 k
**GR = oh2 § © denotes the symmetry numbers h, I, and k
8n2 1 k are Planck's constant, the moment of inertia

and Blotzmann's constant respectively.

¥ The Debye characteristic t?mgerature for hydrogen and deuterium
has been measured directly(17,(18); to our knowledge the Debye
characteristic temperature for tritium has not been measured.
Since hydrogen and deuterium behave anomalously it is difficult
to extrapolate the value for tritium and therefore we give large
1imits of error.

(17) F. Simon, K. Mendelssohn and M, Ruhemann, Naturwiss.18,34 (1930).

(18) K. Clusfus and E, Bartholome, Naturwiss. 22, 526 (1934).,
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Figure (1), This conversion must have occurred {n the neon cooled
thermal conductfvity cell in the gas phase because under the experin-
mental condftfons used, any conversion due to van derWasals adsorption
or due to the glass walls should be negligible, Oxygen frozen on the
walls is known to cause ortho=para conversion in hydrogen, (For details
see A, Farkas, reference (12). Therefore a platinum wire was heated to
1000°K which would convert even traces of oxygen to T,0 while in 1iquid
N, Subsequent recooling the cell in 1iquid neon, however, still re-
sulted fn exactly the same rate of conversion indicating the conversion
was not due to oxygen, Since the 1iquid neon will freeze all impurities
except the hydrogen isotopes and inert helfum, the system will be ex~
tremely clean and fons produced by the radioactive tritium may have a
relatively long chain length causing conversion and only terminated by
fon=electron recombination on the wall or in the gas phase,

Tritfum atoms resulting from fon-electron recombination cannot
cause further conversion over T + Tz(ortho)'* T’(para) + T, analogous
to hydrogen, since the heat of activation of H + Ha(para) e H’iortho) +H

(19)

is found to be 7 kca « This relatively low heat of activation for

(19) A, Farkas, Z. f. Elektrochemie, 36, 782 (1930)3 Z. f. physikal
Chemie, B, 10, 419 (1930)j K. Geib and P, Harteck, ibid.,
Bodenste{nband, 849 (1931).

the exchange reaction {s due to the zero pofnt energy of the hydrogen
molecule and the tunneling effect for this exchange reaction as theoreti-
cal analysis has shown, But since the zero point energy of tritium {is
2,56 kcal less than in the hydrogen molecule (See Table VI) and the

tunneling effect in the case of tritium exchange reactions is almost
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negligible,and therefore the apparent heat of activation will exceed
the value of 7 kcalj but even 7 kcal would suppress any reactfon at
27;2°K!even an activation energy of 7 kcal would suppress any reaction.

In the course of our exper{imentation a series of experimental
arrangements filled with tritium were used with somewhat different heat
conductivity cell desfgns. Each cell had characteristic rates for
conversion which could be reproduced; the rate of conversion approximated
first order, Since conversion by atom reactfons and paramagnetic con-
version by oxygen has to be disregarded, fon reactions were consfidered
to explain this conversion.

| The primarily formed T,+ fon may react with Tys
e, ster (a)
which {s analogous to the hydrogen on reaction expected with hydrogen('g).
The T,+ fon can then bring sbout conversion vias
AR T2(or tho) T*(para)) TS ()
which may occur with a long chain length before destruction of the T2+
fon,

The conversfon {s at equilibrium at the neon temperature of
the cell, which was confirmed by observing the conversion of pure para-
tritium, and normal tritiumg both converting to the one to one equili-
brium mixture at neon temperature, Since the equilibrium is attained
at 27.2°K, there can be no heat of activation associated with reactions
occurring.

1f reactions (a) or (b) should have a heat of activation of
only one kilocalorie, which would not be observed at room temperature
under the condition here of 27,29k, the reaction could not occur before

fon-electron recombination, It should be noted that if a heat of activa-~
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tion of about 1 kcal. or more should exist for reaction (a) then the

T2+ could not react with T, and might be the chain carrier via

+ +
T2 ¢ Ta(ortho)'* T2(para) *Ta

The fon effect will dominate {n the cell cooled with 1iquid
neon since the particle density of tritium {is,at 27.29%, ten times
that at room temperature, Not only is 70 to 90% of T, in the cell,
but fons producing conversion will be in much higher concentration at
the low temperature because of the ten times greater concentration of
tritium. The fon production will increase proportfonal to the density
of the number of particles of radioactive tritium which disintegrate,
and proportional to the cross~section or particle density of tritium
in this pressure range; Further the recombination of the fons will
also be less at neon temperature because diffusion to the wall where
recombination occurs is decreased by the higher particle density and
the low temperature, The recombination in the gas phase is minor because
of the relatively rapid diffusion to the wall not only of the positive
jons but especially of the electrons before they are thermallized., An
electric fleld was applied across the cell using internal platinum
electrodes. The current measured indicated about 10% of the beta
energy released in the gas phase, The chain length then is in the
order of 105,

Changes in the cheracteristics of the wall could be expected
to be more or less effective in destroying the fons. It was found that
faster conversion occurred in a system mainly of glass, while one with
platinum electrodes (to measure the effect of electric field) was
considerable slower. See Table IV, The glass walls of the cell could

repel or reflect a fractfon of the {ons on collfsion where the metal
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Table 1V

Observed Half Lifetimes
For the Different
Heat Conductivity Cells

Cell Description Observed Half Lifetime min;

Minimum Metal Surface 15

Tungsten leads Extending
throughout cell envelope
(Figure 1 first cell used) 60

Platinum electrodes without
Voltage applied (Figure 3) 27

Platfnum electrodes with
Voltage applied (Figure 3) 33
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surfaces would recombine the fons with a higher recombination efficiency.
It would be possible by these techniques to obtain an insight into the
recombination characteristics of {ons for different surfaces at these
low temperature, Research on these lines are in progress, Thompson

and Schaeffer(zo, have proposed an fon chain mechanism for hydrogen and

(20) S. 0, Thompson and O. A. Schaeffer, Jo Am, Chem, Soc., 80, 553
{1958) 3 Radiation Research, 10, 671 (1959).

deuterium exchange wﬁen subjected to alpha radiafion. where the gases
were very clean. Long chains could be obtained since charge transfer
reactions with an impurity with a lower fonization potentfal was avoided,
which onioust terminated the chain, Under the conditions used in the
present work, the 1iquid neon quantitatively froze out all interferring
gas impurities; Therefore, charge transfer reactions with an impurity

with a lower foniaation potential is also svolded.”

In the fon chain mechanism of Thompson and Schaeffer for the
exchange between hydrogen and deuterfum certain steps of the chafn must
have a heat of activation becsuse the different species have different
amounts of zero point energys these reactions could not be expected to
occur at 27.2°%. In our case, however, there is the distinct possibi-
fity to observe a reaction‘chain, where each 1ink of the chain {s
operative without any heat of activation and the length of the chain is
then determined by the rate of consumption of the ions which may be due

to recombination in the gas phase or on the walls.

*More exact measurements of the fon production under various experi=-
mental conditions are in procedure,



21,

In a mixture of hydrogen and tritium the slow gas phase con=
version could not be observed for the tritium and it was postulated
that a chain termination step might occur, The reaction, Hz* + T, &

H, + T,+ would be endothermic to the extent of 1,2k kcal considering
the differences in zero point energyj hence, at 27.29% reaction would
not occur. Table V shows similar reactions and their corresponding
heats of reaction calculated according to the zero point energies listed
fn Table VI. All of these reactions are endothermic and will not occur
before {on recombination at 27.2%K under our conditions.

The triatomic fons H3+, H2T+, HT2+ and T3+ may also interact
with Hy, HT end T,. The zero point energles of these fons are not
known, but the differences should be analogous to those fndicated for
the diatomic fons. It means they may have relatively lower vibrational
frequencies per degree of freedom than the uncharged diatomic species;
also, the sum of the zero point energies will decrease with the tritium
content of these specfes. All reactions involving a triatomic fon and
uncharged dfatomic molecules will tend therefore to go in the direction
where the triatomic fons contain preferably hydrogen,and in the diatomic
molecules preferably tritium. Consequently, ortho-paratritium conversion
over long chains will not occur, Since the jons resulting from these
reactions would not be tritfum fons, but mixed fons or hydrogen ions;
nelther the hydrogen = tritfum exchange nof the ortho-paratritium

conversion could occur. . -.

Gas Phgse‘Cb@yéf&ion In_the Preséﬁcgrof.a ngaﬁaqﬂei{q_ggg_

According to the formula of Wigner a paramagnetic gas can
cause conversion of parahydrogen to orthohydrogen. The relative

magnetic moments of hydrogen and deuterium were determined in this manner



Table V

Hydrogen, Deuterium and

Tritium Ion Reactions

H2+ *+ T, H + Tz+ } 83
Hy' + T, = HT # HT' 3 AES
Hyt ¢ HT = H, + HT 3 8ES
HTD + T, HT + 7,0 AEQ
Hy' ¢ 0% H # 0,7 aEQ
Ht + 0, > WO+ HDT AEQ
Hy' # HD = H, + HD' BES

Hot + D, > HD + 0, AEQ

i

it

+1,21 kcal
+0,28
+0, 51
+0,70
+0,84
+0,53

+0,38
+0.45
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Table VI

Zero Point Energies*, kcal

Hy
HD
HT

D,

*These values were calculated from the spectral data reported by

Herzberg(z').

6420
5038
5.09
LAY
k.01
3.62
3.24
2,80
2.64
2,29
2.09
1.87

23.

(21) Ge Herzberg !''Molecular Spectra and Molecular Structure'?,
vol, I, D, Van Nostrand Company, Inc., New York 1950.
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by using oxygen as a paramagnetic gas(‘o) and observing the rates of
conversion of ortho-para systems, Similarly we have observed the same
type of relative conversion rates for hydrogen and tritfum using nitric
oxide in this case as the paramagnetic gas. Oxygen would combine with
the radioactive tritium in a relatively short time.

Nitric oxide was used for ortho-para conversfion of hydrOQen(Io).
0f the lowest states of NO the 3[[,/2 ts 345 calories sbove the 2n,/2
ground state., The upper state is paramagnetic whereas the lower state
{s not. Therefore, at room temperature a high percentage of the NO
i{s paramagnetic while at 1iquid neon temperatures it is not only frozen
out, but over 99% of the NO will be in the lower diamagnetic state,

The observed half lifetime of 17 minutes for a partial pressure
of 100 mn of NO was within 10% in agreement with the prediction of
Wigner's formula, equation (1) thus, this result adds support to the
validity of this equation for gas phase conversfon, where the r is

assumed unchanged.

Conclusions

In the proceeding paper(7) we have shown that 1t is possible
to convert normal tritfum to paratritfum on charcoal in the temperature
regfon of 1{quid neon and 1iquid helium, Hydrogen and tritium have the
spin 1/2 and follow therefore the same statistics. In addition they
have almost the same nuclear magnetic moment, It s therefore of major
interest to compare the kinetic data of the ortho-para conversion of
these two hydrogen species, From the results obtained, we have been
able to show that

(1) On a coconut charcoal under the same conditions the ortho-
para transformation of tritium was 27 times faster than that of normal

hydrOgeh;
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(2) Concerning the transformation rate in the solid phase the
orthoeparatritium transformation has a half lifetime of 17 minutes which
fs 210 times faster as compared with the rate of transformation of
normal hydrogen,

(3) Concerning the occurrence of transformation reactions by
fons the following conclusions could be mades

(8) During the transformation experiments in the gas
phase the heat conductivity cell remained always cooted with
tiquid neony therefore the tritium gas was extremely  pure,

It seems that under these conditions fon exchange reactions

occur with practically zero heat of activation and with lerge

collisjon cross-sections,

(b) Metal surfaces enhanced the fon recombination progess,
thereby decreasing the rate of conversiony

(c) The application of an electric fleld in a limited
part of the cooled experimental arrangement takes out the fons
and therefore decreases tﬁe rate of conversiong

(d) In the adsorbed phase on charcoal (which is a semi=
conductor) fons do not seem to play a rele in the catalysis;

(e) In the solid phase we would not 1ike to commit our~
selves st the present time aé to whether fons play a role for

the conversion or not,



